A current topic of controversy in psychiatry is whether or not bipolar-spectrum disorders should be considered as part of the psychosis cluster in the upcoming DSM-V. Currently, bipolarspectrum disorders are classified as mood disorders in line with the Kraeplinian dichotomy; however, recent literature suggests that there may be more overlap in the underlying neurobiology in these major psychiatric illnesses than once thought.
Introduction
A current topic of controversy in psychiatry is whether or not bipolar-spectrum disorders should be considered as part of the psychosis cluster in the upcoming DSM-V. Currently, bipolarspectrum disorders are classified as mood disorders in line with the Kraeplinian dichotomy; however, recent literature suggests that there may be more overlap in the underlying neurobiology in these major psychiatric illnesses than once thought. 1 It is not unusual for patients with similar pheno typic presentation and common symptomatology to receive a diagnosis of either a bipolar-spectrum or a schizophrenia-spectrum disorder, particularly in the early stages of illness. Thus, investigation of the underlying neurobiology of these 2 major psychi atric groups is crucial to our understanding of their pathophysiological overlap. Shared genetic vulnerabilities in individuals with bipolar disorder and schizophrenia have been documented and describe how some symptoms overlap and how some are unique. [2] [3] [4] [5] In support of the shared genetic basis of these disorders, there is evidence that first-degree relatives of probands with bipolar disorder or schizophrenia are at increased risk for either disorder, irrespective of the phenotype present in their relative.
(ERP) that has been touted as a biomarker of schizophrenia, 7 with more than 40 studies showing that it is impaired in this patient group. 8 Similarly, P300 has also been posited to be a biomarker for schizophrenia, 7, 9 as is its methodological variant, P3a. 9, 10 Mismatch negativity is a negative going component that represents neural mismatch detection processes between stimuli stored in short-term memory. 11 The positive going P3a component is putatively reported to reflect frontocentral orienting processes 12, 13 elicited following the detection of the deviant stimuli. 14 Friedman and colleagues 13 describe the neurophysiological "handover" from MMN to P3a, where the former is a preattentive index of deviance detection and the latter reflects the involuntary capture of attention. There is accumulating evidence, however, suggesting that these biomarkers may not be specific to schizophrenia; rather, they reflect a common or overlapping pathophysiology in psychotic (and possibly other psychiatric) disorders. Our group 15, 16 has previously reported that both MMN and P3a are impaired in first-episode patients with a diagnosed disorder on the psychotic spectrum (i.e., schizophrenia, schizoaffective and schizophreniform disorders) and in those with an affective-spectrum disorder (i.e., bipolar disorder, major depressive disorder with psychotic features). In contrast to research that specifically focuses on schizophrenia, very few studies have investigated MMN (and concomitant P3a) in patients with bipolar disorder.
Studies have reported MMN impairments being exclusive to patients with schizophrenia, but not bipolar disorder. [17] [18] [19] On closer inspection of these studies, there are methodologic considerations that warrant caution. First, in the study by Catts and colleagues, 17 patients with bipolar disorder were, on average, 6 years older and had a different control group than the patients with schizophrenia. Furthermore, all of the patients with bipolar disorder were in remission, whereas most of those with schizophrenia were hospitalized at the time of testing. In the study by Umbricht and colleagues, 18 the bipolar group was much smaller than the schizophrenia group (16 v. 26 patients) , and these numbers were compounded by the fact that one-quarter of the patients with bipolar disorder were in remission. Moreover, in both studies, 17, 18 symptom severity was substantially greater in the schizophrenia than the bipolar group. The study by Salisbury and colleagues 19 compared younger patients with first-episode "psychotic bipolar disorder" and those with first-episode schizophrenia. While there were no differences between both patient groups and controls at baseline, at the 18-month follow-up, patients with firstepisode schizophrenia were the only group who showed MMN reductions (which was associated with a reduction in left Heschl gyrus grey matter). It should also be noted that these 3 studies differed in terms of their use of the deviant stimulus type. One study used duration deviants only, 17 one employed both duration and frequency deviants 18 and one used only frequency deviants. 19 There is some evidence to suggest that the frequency deviant type may be more sensitive to illness progression in psychosis, 20, 21 whereas duration deviants have been shown to be impaired in early and later stages of illness. 15, [22] [23] [24] Hall and colleagues 25 assessed MMN and P300 (separately) in patients with psychotic bipolar disorder. Whereas MMN was found to be normal, P300 was significantly reduced and delayed in patients compared with controls. The authors suggested that P300, but not MMN, was a valid endophenotype, albeit with limited specificity. In contrast, Andersson and colleagues 26 found that patients with bipolar II disorder had decreased frontal MMN in the absence of a P300 impairment (although they reported a delayed P3a for female patients). Given such contrasting findings and questions surrounding the specificity of MMN and P300 (and P3a), there is a need to further explore these biomarkers in patients with bipolar disorder.
Our study aimed to expand our previous findings in schizophrenia and affective-spectrum psychoses by evaluating the MMN/P3a complex in young outpatients in the early stages of either schizophrenia-spectrum or bipolar-spectrum (with and without psychotic features) disorders. Neuropsychological and psychosocial functioning in these groups were also measured and examined for association with the ERP components.
Methods

Participants
We recruited patients aged 15-30 years from a specialized youth mental health service; 27 participants were required to have either first-or second-episode schizophrenia-spectrum psychosis, bipolar disorder or bipolar disorder with psychotic features. Diagnoses were determined by a psychiatrist using DSM-IV criteria. Case reviews by a clinical psychologist (R.B.) using the psychosis and mood disorders section of the Structured Clinical Interview for DSM-IV 28 confirmed diag noses within the schizophrenia or bipolar spectra. The Brief Psychiatric Rating Scale (BPRS) 29 and the Hamilton Rating Scale for Depression (HAM-D) 30 were used to quantify current symptoms. We recruited healthy controls from the community.
Exclusion criteria for all participants were major medical illness, history of neurologic disease, intellectual and/or developmental disability, insufficient English and current substance dependence. Participants abstained from drug and alcohol use for 48 hours before testing. To verify recent abstin ence, participants underwent an alcohol breathalyzer and saliva drug screening for amphetamines, cannabis, opioids, benzodiazepines and cocaine. All participants were rated by a psychiatrist or research psychologist using the Social and Occupational Functioning Assessment Scale (SOFAS). 31 All participants completed the self-report Depression Anxiety and Stress Scales (DASS) 32 and World Health Organization Quality of Life (WHOQOL-BREF) questionnaire, 33 which measures 4 domains (physical, psychological, social and environmental) of quality of life. The study was approved by the University of Sydney Human Research Ethics Committee, and all participants gave written informed consent. 2500 binaural pure tones (1000 Hz, 75 dB SPL, 10 ms rise/fall) at a 500 ms stimulus onset asynchrony; this comprised a pseudorandom sequence of 2300 (92%) 50 ms standard tones and 200 (8%) 100 ms deviant tones. Tones were presented while participants watched a silent video. Participants were then asked to report back the storyline of the movie at the end of the task. A 64-channel Quik-cap (Neuroscan) acquired EEG data from sites according to the standard 10-20 international system (including mastoids). Data were referenced to a nose electrode. Vertical and horizontal electro-oculograms 34 (EOG) were assessed for eye-blink artifacts, and we corrected eye blink-contaminated data using established algorithms. 35 Scalp and EOG potentials were amplified and digitized continuously at 500 Hz (SynAmps2, Scan 4.3.1 software). Offline signal processing and analyses were performed using Neuroscan Scan 4.3.1 (Compumedics) software. Data were filtered using a bandpass filter (0.15-20 Hz), and we rejected epochs of the EEG recordings that were contaminated by movement artifacts (± 100 µV). Analysis of variance (ANOVA) confirmed that there were no differences in the number of accepted epochs between the groups for each stimulus type (p = 0.22). We resolved mismatch difference waveforms by subtracting ERP waveforms elicited by the deviant stimuli from those of the standard stimuli. The mean amplitude, peak amplitude and peak latency were determined for MMN and P3a according to established epoch windows of 135-205 ms and 250-300 ms, respectively.
14 The head maps ( Fig. 1 ) were derived using MATLAB scripts, as implemented by the EEGLAB software program. 36 We obtained MMN measures at 4 sites: midline frontocentral (Fz, Cz) and tem poral (left and right mastoid; M1 and M2, respectively), whereas P3a was processed at frontocentral sites only (P3a is not elicited at temporal sites).
Neuropsychological assessment
Premorbid intelligence ("predicted IQ") was estimated based on performance on the Wechsler Test of Adult Reading. 37 We assessed processing speed using the Trail-Making Test, part A (TMT A), 38 with attention-switching assessed by part B (TMT B). 38 Verbal learning and memory were assessed via the Rey Auditory Verbal Learning Test (RAVLT); 38 variables assessed were immediate recall (sum of trials 1-5; RAVLT A1-A5) and 20-minute delayed recall (trial 7; RAVLT A7). 38 
Statistical analyses
Differences in clinical, psychosocial, neuropsychological and neurophysiological measures across the 3 groups were assessed using 1-way ANOVA, with results of p < 0.05 considered to be significant. We used the Levene test to determine homogeneity of variance. We calculated a Welch statistic and reported corrected degrees of freedom and p values when this assumption was violated. We used the Scheffé test to determine post hoc pair-wise comparison statistics. The Pearson product moment correlation coefficient or Spearman Rho (if data remained non-normal after transformation) was calculated for the entire patient sample and was restricted to relations between MMN and P3a peak amplitudes and key clinical, psychosocial and neuropsychological variables. To further minimize the likelihood of type I errors, only correlations at p < 0.01 were considered to be significant.
Results
Participants
We included 40 patients in our study: 20 with either first-or second-episode schizophrenia-spectrum psychosis and 20 with either bipolar disorder or bipolar disorder with psychotic features. A subsample of these patients (15 from the schizophrenia-spectrum group and 6 from from the bipolarspectrum group) have been included in a previous study. 16 Diagnoses in the schizophrenia-spectrum group were schizophrenia (n = 7), schizoaffective disorder (n = 5) and schizophreniform disorder (n = 8); those in the bipolar-spectrum group were bipolar I disorder (n = 6), bipolar I disorder with psychotic features (n = 9), bipolar II disorder (n = 2) and bipolar II disorder with psychotic features (n = 3). The control group included 20 healthy participants. All but 4 patients were taking psychotropic medication at the time of testing, the status of which is summarized in Appendix 1, available at cma.ca/jpn.
Demographic, clinical and social functioning findings
Matching for age and sex among the groups was achieved ( Table 1) . As expected, both patient groups performed significantly worse than controls across all of the clinical and psychosocial measures (all p < 0.05), except for the positive symptoms, depression and mania subscores of the BPRS and social subscore of the WHOQOL-BREF (only the bipolar-spectrum group performed worse than controls) and for the negative symptoms subscore of the BPRS (only the schizophreniaspectrum group performed worse than controls; Table 1 ). The pair-wise comparisons revealed that the bipolar-spectrum group had significantly worse current depressive symptoms (p = 0.032) measured by total HAM-D score, and worse current manic symptoms (p = 0.014) meas ured by BPRS mania subscore than the schizophrenia-spectrum group.
Neurophysiological findings
Average ERP waveforms at frontal, central and temporal sites are provided in Figure 2 . There were no differences in the overall pattern for mean and peak amplitudes (Fig. 1) ; therefore, for brevity only the peak amplitude statistics are reported. For MMN peak amplitudes, post hoc pair-wise comparisons revealed significant differences between both the patient groups and controls at Fz, Cz and M1 (Table 2) significant differences for the right temporal MMN amplitude. Across all sites, the patient groups did not significantly differ from each other in MMN peak amplitude. There were no significant differences among the 3 groups for MMN peak latency aside from the schizophrenia-spectrum group showing a significantly delayed latency compared with controls at the right temporal site (p = 0.012). Similarly, there were significant post hoc pair-wise comparison differences between both patient groups and controls for P3a peak amplitudes. Both patient groups showed reduced central P3a amplitudes compared with controls (p < 0.001 for the schizophrenia-spectrum group and p = 0.004 for the bipolar-spectrum group). For P3a amplitudes at the frontal site, only the schizophrenia-spectrum group showed a reduction compared with controls (p = 0.005). There were no significant group differences for P3a latency.
Neuropsychological findings
There were significant differences between the groups for all the neuropsychological variables (Table 3) . Post hoc pair-wise comparisons revealed that only the schizophrenia-spectrum group significantly differed from controls across these variables (p = 0.034 for predicted IQ and TMT B, p = 0.018 for TMT A, p < 0.001 for RAVLT A1-A5 and RAVLT A7). There were no significant differences between the bipolar-spectrum group and controls. Furthermore, both patient groups were found to significantly differ on performance of TMT A and RAVLT A1-A5, with the schizophrenia-spectrum group performing worse than the bipolar-spectrum group (p = 0.042 and p = 0.010, respectively).
Correlation findings
We found a highly significant (p < 0.001) correlation for the whole patient group (i.e., n = 40; schizophrenia-spectrum plus bipolar-spectrum) that involved MMN peak amplitude at Fz for the WHOQOL-BREF psychological domain (r = 0.42). We observed 5 other correlations of moderate significance (i.e., p < 0.01). The HAM-D total score (r = -0.35) was associated with MMN peak amplitude at Fz. Furthermore, MMN peak amplitude at M1 (left temporal) was associated with 4 variables: WHOQOL-BREF psychological (r = -0.35), WHOQOL-BREF social (r = -0.38), BPRS total (r = 0.43) and BPRS positive symptoms (r = 0.40; Table 4 ). For all of these significant correlations, reduced MMN amplitude was associated with worse symptoms/psychosocial functioning. It is interesting to note that there were no significant correlations with any of the cognitive measures, nor were there any for the P3a amplitudes.
Discussion
To our knowledge, our study is the first to report deficits across several neurophysiological biomarkers (known to be impaired in individuals with chronic schizophrenia) in young people in the early stages of bipolar-spectrum disorder and in those in the early stages of schizophreniaspectrum disorder. In comparison with controls, both patient groups showed frontocentral MMN/P3a deficits and corresponding significant associations with clinical and psychosocial measures. Interestingly, whereas both patient groups showed similar impairments in psychosocial functioning, only the schizophrenia-spectrum group showed significant Overall, in terms of MMN/P3a impairment in psychosis, the results of the present study are in keeping with our previous findings 15, 16 and with those reported in the literature. 39 Having said this, a novel aspect of the present study is that there was a significant reduction in the left temporal MMN for the schizophrenia-spectrum group only. Whereas this finding has been reported previously, it has been observed only in samples with chronic schizophrenia. 40, 41 It is important to note, however, that it is likely that impairments at mastoid/ temporal sites have often not been reported owing to limitations in recording techniques (e.g., the mastoids or linked ears were used as the reference, thus precluding a viable analysis of ERPs at or near the mastoid sites). 7, 42, 43 Contrary to previous understanding, our finding suggests that there is a disruption of temporal neural networks in the early stages of schizophrenia-spectrum psychoses in addition to the commonly reported frontocentral impairment.
In their recent review, Näätänen and Kahkonen 8 suggested that a dampened frontocentral MMN response may contribute to negative symptoms (including social withdrawal) by diminishing one's ability to switch attention to socially relevant auditory cues. In contrast, abnormalities in auditory perception and discrimination are thought to be more associated with a dampened temporal MMN. these associations are reflected in the present study. There was an association between frontal MMN and current depressive symptoms (HAM-D total score), which is consistent with other evidence showing a link between MMN and depression. 44, 45 Our study also revealed an association between left temporal MMN and positive symptoms (i.e., the smaller the MMN amplitude, the higher the positive symptoms subscore), which is in keeping with previous findings in samples with chronic schizophrenia.
40,41
Limitations
Our findings need to be considered in light of some limitations. First, this study had a modest sample size, and future studies with larger numbers are needed to determine the robustness of the MMN/P3a impairments and their associated functional measures in these major psychiatric subgroups. Second, although we chose to represent bipolar-spectrum disorders as a whole, it will be helpful to divide this group further into patients with bipolar disorder with versus those without psychotic features for subsequent comparisons. Similarly, the schizophrenia-spectrum group can be further divided. More broadly, the diagnostic stability of early psychotic and bipolar disorders is something that needs to be addressed in future studies; this is particularly important for diag noses, such as schizophreniform disorder, that are determined within narrower time frames. To illustrate this point, all 8 patients who had schizophreniform disorder at the time of MMN assessment were followed up for a minimum of 14 months after MMN acquisition. Five of these patients retained the diagnosis; however, at follow-up 2 were determined to have schizophrenia (because their symptoms persisted beyond 6 mo) and 1 was determined to have schizoaffective disorder. Thus, the present study is limited by its cross-sectional design; our interpretation of the findings must be treated with caution since, by their very nature, diagnoses of an early-stage schizophrenia-spectrum or bipolarspectrum disorder can be difficult to distinguish and may very likely fluctuate with time. Third, the generalization of our findings within the broader literature may be limited by our use of a duration deviant stimuli alone. Whereas numerous studies have shown that this deviant type reveals a reduction in psychosis, 17, 23, 46, 47 there are also studies that have shown that the frequency deviant type may be more sensitive to stage of illness in those with a psychotic disorder. 21, 48 Future studies that examine patients in the early stages of bipolar disorders (and compare them with those who have schizophrenia-spectrum disorders) should consider using multifeature MMN paradigms (i.e., including duration and frequency deviant stimuli) to probe for stage of illness markers. In addition, owing to multiple comparisons, the correlational analyses should be treated as exploratory. Despite this, the associations found here are consistent with the literature, suggesting that their inclusion in larger, better powered studies would be warranted. Finally, the potential effect of medication is another limitation that needs consideration. Whereas antipsychotics have not been shown to affect the neurophysiological components investigated in the present study, less is known about the effects of mood stabilizers and antidepressants. [49] [50] [51] [52] [53] 
Conclusion
Despite the limitations, our overall findings suggest that an impaired MMN/P3a complex is apparent in the early stages of bipolar-spectrum and schizophrenia-spectrum disorders, providing evidence for shared psychopathological processes in patient groups that may be better understood in terms of a neurobiological continuum rather than separate disorders.
